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ABSTRACT

Ado-Ekiti the capital city of Ekiti State is being faced by the problem of

inadequate water supply due to reasons ranging from socio-economic to technical

problems.

This research work evaluated the possible causes of inadequate water supply in

this urban center as a result of increased influx or people. socio-economical growth

and indusuial grovvth.

The projected population plus the present supply and projected water demand

were analyzed to determine the necessary quantity required and the future deficit

needs to be taken care of. Also, the geological formation of this area was studied to

obtain the proportion of the ground water that can serve as additional source or

supply.

It was realized that the region was dominated by massive charnockite spread

and little meta sedimentary rock of the quartize and fractured granitic type. This

ch.nuockitc docs not permit groundwater development hence the limitation to the

usage of groundwater.

In this work, surface water is seen as the only dependable and reliable source

of water in this region. Analysis of the available data ()n the nearest existing schemes

established that about 60% of the production from Little Osse in Lgbe can be used to

augment the present supply. It is evident as well that the supply from Eros end must

remain and be steady. Also. Ureje must be operating at its fullest production capacity

in conjunction with the supplies from these complementary schemes before the

problem ofwaier shortage in this region can be alleviated.

The aged pipe networks are to be replaced to minimize waste and provide

better services. There is also need to embark upon extension work to the newly

developed :1l'C~1to promote industrial and socio-economic growth.
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CHAPTER ONE

'I TROl)UCTION

1.1 l;l'lh ..'I"~lI

1'Ih.' 111~111lsources of w.ucr 1<.11"nvni l.ihlc USl' nrcsurface water i.c. streams. rivers,

springs. ponds. Likes and groundwater i.c. boreholes and hand- dug wells. These two

1l1~I.il)1"Sl1l1l"lXS arc rcp lcnixhcd through prcc ipitnt ion. Therefore, precipitation is

directly or indirectly harnessed for use .. Usually before consumption, water from

either sources is puri fied with approved chemicals to remove the physical. inorgan ic

or organic contaminants that could affect human health.

Mali)" factors arc considered in harnessing any source of water. These include the

popul.uion to be provided with adequate portable water, the available quantity of

\\ .ucr tl1:11c.in be harnessed from the source, the pollution level and the probable cost

of treatment including the cost of the construction of the treatment faei lities required

to make the \\~11l'J" IiI for consumption. After analyzing these factors together, the

most l'Clll1l'll1ic:lI source can then be developed.

lhcrc .uc situation in which. after some vcars. the quantity or water available for

hdrIlCssillg become insufficient probably due to urban drift, increased population or

general increase in standard of living. Tn that regard. the need for either expansion of

existing facilities is considered or other sources explored for additional abstraction.

J-:kiti State crig1.1) was created in 1996. carved out of the erstwhile Ondo State,by

the Militur. Government of Nigeria. Ado --Ekiti (Fig 1.2) the capital city could not

be left out or the problems of severe water supply inadequacy. The town has a land

area of approximately 128km2 and has experienced an increased influx of people

upon the crc.u ion ()" theSt<1I~.

\s cxpccicd. till' C\isling water supply from the main water source Urejeheadworks

within thl' town. h;IS become insufficient It is clear that any State with an eye on

development cannot ignore the quantitative mid qual itative aspects of its water
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Supply. Thus the need to study the water situation in this town and its environs.

1.2 Present Situation

According to Ekiti State Water Corporation, the State's Water Agency, 4930m3
IS

produced dail. by Ureje headworks and an additional quantity of 8000ny'/day from

"1"\) Dam .u lkun-Ekiti boosts the supply to Ado Fkiti. Fig 1.3 indicates how the

supplies from both ends are distributed through various types and sizes of pipes.

SilKl' 1C)0() the slIP1,ly from Ero- Dam has been unsteady, and sometimes not

forthcoming due to erratic power supply to the headworks at lkun. Rehabilitation

\yorks by till' St.uc Government are in progress. The inadequate supply necessitates

till' rotational supply from Ureje headworks .

Due to the shortage of water supply in the city, more than 70% of the people depend

totally on wells. springs, rain water as an alternative supply, despite the fact that the

wells in the area are not highly productive.

According to Adeduro and Fadipe (1992), this region has been classified as being

poor in groundwater potentials because of its geological formation. The region is

generally dominated by massive charnockitc, covering more than 60% or the total

land area with highly fractured granitic rocks in some places. It is also said that the

region has~lvcrv thick overburden of clayey soil materials .

.vccording tl)1 bunkun (1987), the hand-dug wells which fully penetrate the

overburden are characterized by small water columns« l m) especially when it is far

from a stream but those dug near streams have thicker 'water columns. Despite the

above. there arc~l k\\' good. product ivc hand dug wells and boreholes scattered all

over the city especially in geological conducive areas. These few wells are

productive throughout the year.
'.

Ado-Fkiti region is a catchment area of River Ogbesse and its tributaries

(Fbcsemiju 1993). There is high rainstorm in this region but because or the region's

topographic terrain. the rainstorm is drained fast to the disadvantage of the region .•

During rainy season. the people harvest rainwater to store (though sometimes in an

4
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unhygienic manner) for their domestic use. The stress in searching for water during

this period of 6 to 7 months is reduced. The excess water harnessed from the

rainstorm also reduces the pressure on the potable water supply

During the period of inadequacy mostlybetween December and March there is

usuallv a \'l'ry high water deficiency in the region. The people then resort to high

water economy, that is, optimal use of avai lable quantity of water for maximum

bencfi l.

\.3 Objective ofthe Study

The gl'nl'l'~l1 obj l'l'l in' of this study is to determine the adequacy or conventional

water supply to Ado Ekiti and to examine other potential sources that can be

harnessed tu improve both the present and future water requirements of fast growing

town.

The speci Ill' objectives of the study are:

(i) Identification of the causes of inadequate water supply from the Water

:\genc) .

(ii) Determine the specific technical ways and methods of alleviating the

problems caused by inadequate supply.

(iji ) Projection of the future water requirement and the means to meet up with it.

(iv) Determination of suitability of Ogbesse River at Aduloju as a possible

source or water supply to Ado-Lkiii through examination or water quality

and h:-dro log icul data.'

1.-+ Just i lic.u ion

This study is necessary because itwill provide technical information on the present

water supply situation and the water resources potentials of Ado - Ekiti catchment

area and how these potentials can be optimally utilized to meet both the present and

future water requirement.

It \\ ill also provide information on the possible quantities of water that can be used to

augment the present supply in Ado- Ekiti from Ero, Little Osse without interrupting



the services or these schemes to other areas they are designed to serve.

The sllldy is ~lIS11essential he-cause evenif lJreje's production capacity is expanded to

be doubled, this' will still not be able to cope with the growing rate of this city, hence

the need to source for additional supply from other areas.
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CHAPTER TWO

LITERATURE REVIEW

The rapid human development and associated activities in different fields of human

endeavours created urbanization which soon make water supply sources inadequate

in urban settlements, and began the series of large-scale water developments. The

ever increasing world population and demands for water supply to satisfy domestic,

industrial and commercial purposes soon over stressed such new developments,

hence the need further for, search for more. convenient and economic water sources,

control and supply to meet ever increasing demands.

Therefore. determination of quantities and rates of growth contribute to an

uIlJ(rst~II1JiJ1gor urbanization. The propensity to classif-y and categorize urban areas

is enhanced by access to simple and reliable data.

The importance of the resources of a country,111 terms of their potential for

exploitation or natural development, inevitably has had an impact on the extent and

. character of urbanization.

Urban svstern m<:1Vmean the citv viewed as a large geographical setting. The city

encompasses many complex elements. functions, and activities, which are

interrelated in several ways.. The city also exists and functions within its

surroundings. its environment and its settings.It has geographic and physical, aspects

such as rivers. flood plains and watershed, topography. cl imate and land. The setting

also has socialand economic aspects involving the region and neighbouring states.

Webb (1998) states that cities are complex systems requiring special methods of

prediction and management. The system needs to be thoroughly studied, so as to

make decisions affecting it on the basis of available information.

for effective management of an urban centre, most especially the water sector. a

good understanding ofthe population growth is required.

, A population projection is a professional and technical undertaking that is affected by

a number or factors. The size ofthe population unit varies directly with the accuracy



of the popul.u ion. The larger the UI1it the more likely the projection will approximate

the subsequent L1Cl because' of the cancellations or complication factors and

compensating errors, Secondly, obtaining accurate data is hampered by the relative

unreliability of census data from newly developing countries. Thirdly, the projections

of populace vary with the assumption made in the process including the rate at which

population is expected to increase or decrease due to political situation.

industrialization and similar factors.

The World Bunk report in 2002. revealed that in spite or great efforts spanning

several decades. about1-2 billion people in the developing countries lack access to

safe drinking water supply. By the year 2050 an estimated 65% or the world

population \\ illIi , c ill areas or water shortage (Milburn, 1996). Newer water sources

to keep the puce with population growth is slowing down andif this trend continues

about .25ll o- ..tO(~0 of population will face shortage offresh water (Knight, 1998).

In terms of quality. the World Bank report stales that in the I980s .. more than 1.6

billion people have access to water of reasonable quality but sanitation services

expanded substantially. Data from theWHO indicated that at least 170 million

people in urban ~1I1dR::i) million in rural arcus still lack a source or potable water.

Despite large investments in water and sanitation in the 1980s and 1990s. the number

of people without access to basic water and sanitation services in urban and semi-

urban areas l'l)!l~inue to increase. That or Ado Ekit i. Nigeria is not an exception.

IRe international water and sanitation(2002). stales that in <Ill quality cultures water

has an essential role in maintaining 11C<IIthand enhancing the quality or lire by the

availability or ample supplies or sale drinking water and by the provision or

suftlcient \\llLLT to s.uisfy the legitimate requirements or agriculture and industry. It

c.in ,ti:.~) ~ll"t"~'dboth the sociul and economic liv cx of the community. Most investors

will not like to invest where this essential amenity is lacking.

Reductions in \\ .ucr borne disease occurrences lire attributable to improvements in"

the quulitv or ll\llilability of water. lt is worth mentioning that intermittent service

jeopardizes the support expected of many water supply projects and hinders

9 f.~
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performance of may such dependent industries.

WHO reported that the poor suffer disproportionately whenwater supply is

unreliable. Weather households, and industrial firms can install private wells though

at additional cost to their economy. These ,options are beyond the reach of poor

consumers. lnudcquatc and intermittent service can cause epidemic and outbreak or

cholera as well as other water related diseases.

In the Urban sector the very poorest people generally lose out completely because

they dont have access to, piped-in water (Postel, I SlSlSl). Some or them spend

reasonable part or their income paying for water from vendors. So there'sa huge

inequity here, society subsidizes the piped-in water for urbanites, but it's the poorest

people who dont have~lIly piped-in water at all who end up spendinga huge share of

their income for water to avoid being sick

Postel (1998) reported that in a situation of water shortage for example, causing food

prices to increase, this might lead to social instability. She mentioned that over the

last few years xvhcn governments, for one reason or the other, have had to remove

subsides Ior food.\\C "vc seen riots in the streets ina number or countries. So anytime

there's an increase infood prices in a poor country, you risk social instability. Postel

( 1999) cited several countries like Indonesia and Jordan where these have happened.

lhc infrnstructurc challenge with water supply according to Postel (1999) is huge

and vcrv much or it is stillunmct, especially in the rapidly growing mega cities.

\\e'\ c gut so mall: people in a conccntrutcd area, andfinding enough water within a

reasonable distance or thecity to supply many people is verydifficult. Many or the

mega cities as stated by Postel are having a difficult time with water supply,

The supply of water and sanitation services to growing urban agglomerations has

already grown to a large scale in the world(Milburn, 1996). Solution to this problem

depends on research and introduction of innovative technologies in water sector and

on long-term national planning and development using technical. bchavioural and

10



legislative means.

Operations and ,1~\'~1111:1tion department of World Bank mentioned that to provide a

continuous safe water supply service calls forample and reliable water source and

adequate capacity for treatment, transmission and distribution. This will require

properly functioning pumps, reservoirs, and networks.It further reported that the way

these facilities (Ire operated and maintained could greatly affect the health of the

population. the quality of the environment. the benefits to the poor and the resource

available for investment in expansion,

The good operation and maintenance could enhance the quality of services and

extend the useful lives of facilities. This also depends on better funding of the water

utilities. and having the resources available for investment innew services. The

department advises that to maximize the costs of operating a water-supply system,

competent management of capital and current expenditures. assets and liabilities arc

just as important as preventing losses of water from the system, Adequate cost

recovery ensures that enough funds' are available toP8Y I'm operation, maintenance

and debt ser ,ice,

The cost imposed on economies by poorly run and maintained water supply although

not well documented according to the World Bank but is clearly very large. There is

ample evidence of poor qual itv water. unnecessary sporadic service and large

volumes of unaccounted for water as per World Bank findings.

The World Bank reportcd jhat from its routine reviews on the operation and

maintenance performance of its borrowers. many water utilities that the Bank has

supported their projects lack serious maintenance. which was already apparent during

project preparation and implementation. Its root cause was usually lack of funds.

which led to shortages of managers. qual i ficd to organ17.C 0 & M. shortages or

skilled personnel and shortages of spare parts,

From the report on sanitation on communities living in the peri-urban centersor
Malawi in South Africa some methods i.e. demonstration schemes of the Urban

I 1



cornrnunn] water part project 11119R 1. training, hygiene education and sanitation

exercise were methods developed to improve planning and implementation supplies

\\ iihin Cl)I11I1111lliliL's.Malawi then vvus still in an early stugc or urbanization with II%

of the total population living in the urban centres. It was also estimated then that up

to 60% of the urban population lived in the fringes of the urban centres.

1\1<;(1. in this report \\:lS that before 19RO. there was no regular water supply services

in these communities. Some people got their water from various unreliable,

contaminated open water source. others got their water from vendors at very high

rate. Traditional Housing Areas often lack the most basic facilities normally provided

to urban communities. Among the major factors contributing to thc sustainability of

the project was that the communities in the piped water supply demonstration

schemes playa bigger role in the maintenance of the water supply system. These

SCheI11L'Shad bCL'1lsuccessfully developed in nine of the urban centres in five regions

of the counrrv.

DL'\ clopmcn: ,1/' IlL'\\ kchIlUll),giL's and iI1IW\:lli\'L' total \\<iILT system solutions for

urban areas is I1L'L'dedtosatisfv present human needs with respect to living standards

and the present environmental goals. These future system solutions will encompasses

water supply. quality-dependent water consumption, reuse of rainwater

Niemczynowicz (2002).

One thing that's important in these cities is that they build an efficient infrastructure

into' the urban water systems from the beginning that they use the most efficient

appl ianccs and fixtures at the household level that are available.

The World Bank helps government to develop strategies for utility modernization

and establish regulatory frameworks that encourage better performance and fasten

investment ill the sector. They revealed that because the pressure to provide services

io 1110rc people is intense in the water suppl. sector. IlC\\ Iacilii ics receive higher

priority in terms or budgets and stalling than operation and maintenance. In a

financial crisis. operation and maintenance budgets are the first to be cut, with

12
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consequent deterioration of pipes, machinery and service.

According to a text (the National Handbook of Recommended Methods for Water

Data Acquisition on Public water supply), many cities or urban cities are mandating

the USe or water saving devices, raising water rates, and implementing restrictions on

water use because of extended droughts or the need to keep demand within the safe

:- icld ur the :;) stern. The Greater Boston Metropolitan Area, USA dramatically

increased the reliability of their water system through conservation. The area served

by the Massachusetts Water Authority experienced nearly a 20% decline in water use

from 1988 to 1992, as a result of leak detection programs, domestic conservation

programs featuring public education and retrofit low-flow fixtures, conservation

consulting services provided. to industrial and commercial users, and rate increases

for water supply. The text also states a detailed water demand analysis of future

water use in the city of Boston showing that a combination of charges caused by new

regulations will further result in substantive reduction in water demand over the next

25 ) ears or so despite increased population.

Operation Evaluation Department of the WHO showsthat day-to-day management of

water utilities is often complicated by problems at the national level; inadequate or

ambiguous legislation and poor allocation offund.

Niemczynowicz (2002) states that the majority of developing countries in spite of

possible future economical development will not copy water and sanitation

programme of the developed world. It is also clear from this report that in order to

alleviate problems associated with water supply, it is necessary to develop methods

1'01' multiple and/or quality dependent water use in households and introduce more

efficient economical incentives.to save water.Quoting Niernczynowicz (2002) "it is

clear that SOIllC countries must come back to ancient habits to collect and use storm

water for non-c?nsumptive water uses." For example, roof storm water may be used

after separation of runoff for the first few minutes of the rainfall using simple

. mechanical devices.

13



According to Seattle (1995- 2000) the Central Puget Sound region has experienced

rapid growth in population and development. Because of these the water supplies

forum came into being in1999 and for the first time, water utilities in the Central

r~lgl..,t Sound .ucu arc jointly assessing long term municipal and industrial water

demands. existing supplies and potential shortfalls. The write up states that the group

will help identify where water supply demand shortfalls may occur by the year 2020,

:IS well as an arrav of potential local. sub regional and regional solutions that could

alleviate shortfalls. They will also include' assessment of regional resources and

corresponding infrastructure. as well as future conservation and rc- use options.

The' Arava Valley provide a unique opportunity for exploring community

involvement in water conservation and policy in the domestic arena. Communities on

both sicks or the border share common ground water sources for domestic use, but

differ in household and water supply infrastructure. The report states that National

l'olicv and research on alleviating water scarcity have emphasized increasing supply

in the lace of rising demand rather than on the more obvious solution of conservation

programs [IX existing supplies.

;\ water supply utility is successful if in association with continuous service and good

. quality water. there is a low rate of unaccounted for water(ufw). Rates of ufw vary

from system to system but evaluation findings, according to the World Bank confirm

that in most water supply entities they are unduly high.

Reformed water utilities and attaching private investment is difficult(World Bank.

~OO~). Politically sensitive tariffs. limited scope/01' competition, slow asset turnover

requiring long-term debt finance and a daunting mix of currency. information

country and sub-sovereign risks all require careful handlingif private participation is

to succeed. Thus. it often calls for a step-wise privatization process, first

transforming operation and maintenance :(0 & M) responsibility to a private firm

under a lease or management contract with public financing of investment, then

moving up to a concession as information confidence and the regulatory environment

improve.

14



For the private providers of services, the World Bank reported that the desire to raise

net earnings normally provides enough motivation to maximize the use of capacity

along with revenue and keep expenditures at a minimum.

The World Bank report stressed that in very poor countries, random systems with

extremely low tariffs may take considerable time before they can be made

commercially viable, as tariffs hike must be sequenced with service improvement.

Public utilities often have difficulty getting approval for increasing their charges to

levels that are financially and economically adequate. Sometimes this for political

reas.ons. Higher charges must be justified not only to the parent entity but also to

. consumers. Public relations' campaigns can be helpful here, but quality service is

often crucial to securing consumers' acceptance of increase.

According to Postel (1999) report the wastewater is still being released to the.

environment untreated in these mega cities.

CIIMAS (:2003) on urban water stud!' examines the impactsor climate variability

and population growth on water supply and demand in five urban areas of Arizona.

The urban water sensitivity analysis was to illustrate the importance of factoring

climatic variability into assessments and projections of water supply and demand

variability. The objective of this report is to encourage the use of climate

information, including historical and paleo data as well as forecasts, in water

resource planning and decision making at time scales ranging from seasonal to

annual. inter-annual. and multide cadal.

. According to CLiMAS (2003)vvater sensitivity analysis was carried out in 5 urhan

areas of Arizona and the result showed what parentage of an area's water supply

would have to be mined from ~roundwarer reserves under the different climatic,.~

\\ aicr Lise, and population growth scenarios. A Iso, the relative sustainability of water

used in each situation was evaluated and stated in the report.

In the Middle East, severely limited water resources and rapid population growth-

pose a continuous risk to the availability of high-quality water for personal use.. -
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lipchin (1999) estimated the annual precipitation in the Arava valley, which was

through Southern Israel and Jordan as only-lmm, compared with 31 mm in Los

Angeles. The research has revealed that Israel's consumption orfresh water has

exceeded sust.iinub!c yields since the mid- 1970::;, while Jordan's extraction or water

from highlanduquifers is almost 80 percent above the annual recharge rate. As

available surface water becomes over-exploited, groundwater is fast becoming the

most important source of fresh water for domestic use in both countries. The research

cstublishcd that all available fresh water in the Arava Valley comes from

groundwater primarily from non-renewable aquifers.

Urban Water (2002) places emphasis on defining the practical outcomes of

sustainable development and on documenting and analyzing the mutual

interrelationships and interactions between the individual water systems and urban

water bodies (including groundwater). In the Bandung area, groundwater abstraction

had led tu considerable lovvcring iof the groundwater table alter about 1<)~O to as

much as 20m compared to thatin 1900 (Haryadi & Schrudit 2001). The model

calculations according to the report show that new production wells should not be

located in Bandung, but in the eastern part of the Bandung basin.

According to Ministry of Information Fiji (2002), availability of adequate water

supply is essential for maintaining safe household sanitation facilities, As for ground

water quamiiv. as water pumping increases to meet water demand,it can exceed the

aquifers rates or replenishment thereby resulting in considerable lowering01" water

table. Examples arc many urban aquifers, which show long-term decline in water

table. With excessive cxtrnct ion comes a variety or other undesirableeffects such as:

(i) Increased pumping cost.

(ii) Changes in hydraulic pressure and underground Ilow direction (in coastal

arcux this call result ill intrusion of sea water)

(iii) Excessive water drawnlip from deeper geological formations and

(iv) Poor _quality water from polluted shallow aquifers leaching down wards.
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Severe depletion of groundwater resources is often compounded by a serious

deterioration in its qual ity Chilton (2002).

Problems of land subsidence can also follow rapid depletion of aquifers. This can

affect both upland and lowland cities. Land subsidence not only damages individual

buildings and roads; but also underground piped services, further increasing water

depletion and contamination. leakages from water mains, sewers, ruptured oil

pipelines and underground tanks can add to shortages of water as well as

groundwater pollution. The rivers flowing through these areas are very, very

polluted. 111 order words. water quality is deteriorating as a result or industrial and

municipal wastewater contamination. It's a sort of double warning there is a supply

problem to begin with, and then one ends polluting some of the surplus available.

Water quality and water quantity problems go hand in-hand in these areas ..
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CHAPTER THREE

RESEARCH METHODOLOGY

Ado - Ekiti was the divisional headquarters of Ekiti Division in the Western

Region. It is presently the capital city of Ekiti State. The state is one of the six

created by the Federal Government of Nigeria in October 1996.

3.1 Data Collection

Data were colleicd through the field surveys. The data collected were technical data

relating to the major water schemes and headworks, designed production capacities

and pumping records, data relating supplies to consumers, and identified boreholes

locations. Other data collected were the meterological data of the study area, to

assess the quantity of rainwater that may be available for supplementary domestic

use. The hydrological data of River Ogbese, which is the headwater of many

tributaries, and the geological data on the formation of this region were all collected

along with others which are relevant to this research work. These data were collected

through.

( 1) Appraisal of existing water schemes through units and

examination of designs and operational documents

(2) Field measurement and collection of samples for analysis

(3) Oral interviews

(-J.) Visits to other relevant offices for necessary operational

document.

3.2 Technical performance evaluation

Performance cxuluat ion was carried out on the selected headworks. Available

documents relating to operation, repairs and maintenance were studied and data

collected.

Types or questions that come to mind include:

(i) Arc the selected relevant head works giving satisfactoryservices and'

why?
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(ii) Is it possible tocarry out uny improvement work on the existing scheme

lor an improved service and how?

(iii) Does any system components need any replacement or repairs?

(iv) How are the consumers being fed?

(v) Is the water reaching everywhere and is the pumping regular?

(vi) Is an identified borehole productive?

(vii) \V~lls around anarea, do they dry up when and why?

Details of the production of the intending complementary schemes were collected

11'0111 the headquarters of the water Agency.

3.3 Field Measurements and surveys

The lollowing measurement were carried out in the course of this study

(i) Water was colleted from R.Ogbese for quality analysis

(ii) Distance and elevations along Aisegba, ljan, Ado route were determined

lor possible interconnection/looping.

Other field measurement carried out in this work include:

(i) Public dependence on different sources of water

(ii) Identifying successful functioning boreholes

(iii) Areas covered by network.

(iv) Visit to new area just opened up without any extension lines. i.e. the rate

of expansion does not commensurate to rate of extension.

3.4 Data Analysis

In conducting comprehensive appraisal of existing water schemes. records of

monthly production of some of the schemes were collected and compared with the

designed production capacity to determine theefficiency olthe schemes.

From the data. the constraints hindering water production were identified.

Acccssibi lir, ()/' urban dwellers to good water supply was examinedusing the

existing supply records.
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3.5 Environmental Selling

3.5.1 Locution

ckiti Stale is on' the Southwestern part of Nigeria(Fig 1.1). The state capital, Ado -

Ekiti with a land area of about 128 square kilometers is situated between latitudes7°

321 and 7 " -w I. The Longitudes are 5\1 061 and 5\1 251
. To the north of Ado Ekiti is

l lorjn to the south is Akure. to the east isIkare and to the west isljebu -ljesa. On

becoming the State capital there is increased influx of people as well as urbanization

to meet up thenc« status. There is also need for improvement on the present social

amenities to meet up with this development.

3.5.2 Climate

The climate of Ado-Ekiii like the rest or the state and country isinfluenced by the

rain bearing south-west trade(monsoon) wind and the North-East dry(harmmatan),

wind from the Sahara desert. l-our seasons areidentifiable.

The long raining season .- Marchi April to July

ThL' short dry season or August break - August

The short raining season - September to November

The long dry season -.:mid November to March

Ado-Lkiti region lulls within the seasonally - wet tropical savanna climatic belt with

a uniformly high mean monthly temperature of about25°C. The amount of moisture

in an atmospheric column is called precipitable water. The formation of precipitation

required the lifting ofan air mass in the atmosphere so that it cools, water condenses

lrom the vapor to the liquid state to form rain .. if the temperature is below the

freezing point. then ice crystals are formed instead. In this region precipitation is

. usuullv rain and the mean annualrainfall is I683ml11. These weather conditions arc

prcx alent especially during the long dry season and there is very little change in daily

or seasonal temperature.

~.~.~ Rclil'r and Drainage

The land in Ado Ekiii rises northwards and westwards Irom 335m in southeast. and
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attains :1 m.ix nnum elevation or about 750meters in the southwest near Adugboku

according to lbiscmiju (1993). The relative relic!'. that is, thedifference between the

iligllL'sl .md Il)\\, ..'SI po int« in the region therefore is 395111.11igh elevations and

relative relief however. according to Ebisemiju(1993), are encountered only in the

\\L'SL southwest and north, as about))% of the region (the central and eastern part)

lies at elevations between 335m and 400m(relatives reliefs of only 65m). Over much

of the area. therefore. has a low relief.

The charnockitic and granitic rock which are cogenetic magmatic suite within the

basement rocks insouthwestern N igeria arethe most prominent rocks in the Ado

l.kit: area. They determine thedrainage pattern and the hydrogeological conditions of

the area (Fadipe and Adeduro. 1992).

Ado Fk iti region is drained by the headwater tributaries of River Ogbese which takes

its source from the region(Ebisemiju 1993). The principal tributary streams of River

Ogbcsc in the region are the Airi.Afin, Ornosuo and Elcmi (Fig 3.1). Although some

or the rivers and streams in the region exhibit localized structural and topographical

control on their courses, the overall drainage pattern in Ado Ekiti region is dendritics.

This is auributublc to the fact that the minor streams develop on thesaproliics or the

deeply weathered rocks.

3S-+ V cgcuu ion

I he region is located according to Adeniyi(1993) in the low land rainforest zone.

lorests ill general are characterized by abundance or tree species e.g. timber,

Iircwocd. drugs. ornamentals and spices. Apart from the beauty and amazing

diversity or forests. they also provide habitats for wildlife.

Adcniyi (.1993) observed that centuriesor human activities have resulted in the

replacement of the natural lowland rainforest vegetation with derived savanna in

inselbergs and residual hills, and with secondary forests, thicker. fallows. herbaceous

vegetation. cocoa plantation and farmlands on the lowlands.

:i.:\5 Geology and Hydrogeology

IhL' ~e\.)I\.)g: \.)!':\c!\.) lk it i region is a part of the basement complex rocks of south-
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western Nigeria (Rahaman. 1991).The geological formation is dominated by

massive charnock ite and granite rocks(l"'igure3.2). There arc also metasedimentary

. rocks such as .quarrzires forming interceptions in the grantic rocks(Olanrewaju.

(10gJ) Fadipl' and Adcduro. 100:2).

The hvdrogcology of the areas is controlled by the nature orweathered formation and

depth. The ch.nnock itc region is usually weathered tocluycd soil formation which

arc h\dn)gl'oll)gil'~tll: unsuitable lor groumlwClll.'I' development due to their poor

quality aquifer condition. Ground water is held in appreciable quantity in granitic and

weathered quartzite. (Adeduro, 1992; Fadipeand Adeduro, 1992). Generally

groundwater potential yield is poor in the region but faulted and deeply weather

granite and quartzite zones have good aquifers.

3.6· History of Water Supply in Ado-Ekiti

The town h:1Snumerous springs and streams scatteredall over the town out of which

about 15 were in LIse for direct consumption. The popular ones in use then were

. Olotoro spring situated along aslope towards Federal Housing at Okc 11<1. This spring

\\:IS sening till' whole or Okc ILL Okl' lyinmi and /vjibadc communities. The

~hujudd :-11,illg' i:- :11.vrcmu. lhi-. \\ :IS :-'l'l"\ illg tll\.· \\ IIl>k \I" 1\ll'lllLl UJlllllll1lllt). pur:

of Ok c lsha. F.reguru. Ojumosc down to lgbchin and part of l rona communities.

Ayisola springs \\t'rt' ,H Odo Ado. Olokemcji and the other along Igirigiri road. They

were serving the people aroundOdo Ado, lderno. l do lofin and Ojido. 011n River

along lyin \\',IS serving the settlement along Basiri area. Olokuta and Olumuroko

springs situatedalong Aj ilosun area were being consumed by peopleat Ij igbo. part or

the communiiv along Mathew Streetor and Odo Ado. Omi olori spring the sourceor
which \\'<1S from Olota hill was mainly Ior a section or the people situated at ldolofin

Oloogau and Olohc springs situated along Dallimurc area were being consumed by

people ~11l11lg.ih.u area. Kujol.: ~lIld Ok c FSl' /\ lso till' Omixanjan.: I~ivcr \\,IS scrvinv

the people along Ornisanjuna area. part or lronu. the lieAhiyc area.

The tovvn is blessed with the :1fore-mentioned springs. strC1Il1S and river for



consumption but none was being treated during the colonial period.

They were also using rain water for other purposes but not for drinking. The raw

water from the thatched roof then in use would have become seriously coloured.

In the early times the peoples of Ado Ekiti depended on streams, springs and rain for

domestic water supply. Later development [colonial period] saw some elites and

schools storing rainwater from their roof- tops in surface mid subsurface reservoirs.

The rapid development in urbanization and the associated new status or the town led

to J general increase in communal activities, which necessari ly demand an increase

in the water needs or the people.

Ureje scheme with a designed capacity of 2930m3 /day came into being in 1961. In

1980 its capacity was increased to 4930m3/day which is still the case now.

Due to its present status there has been a great increase in its population and

commercial activities resulting in the expansion and high development rate of the

town. The Ureje scheme is therefore unable to cope with the present water demand.

Hence the inadequacy in water supply.
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CHAPTER FOUR

Water Demand Studies

The water supply to Ado-Ekiti is generally on rotational basis despite that the

distribution lines coyer onlv about 30°;() ofthe town. In some areas there are

extension pipeline. with no water supply.

It is ~lg~linst this background that an attempt is made in this chapter to estimate the

present and projected water need of the different sectorsin the region. But for a

proper water planning. the population must be determined and projected population

must be known hence the population of the region is studied.

-+.1 Population and Projection

Ado-Fkiti is growing at an unsteady rate. The population in1990 was 127,878

projected to 1-+8300 in 1996 (Ministry of Information, Culture and Statistics).

lroru 1006. /\du-Lkiti has a IlC\\ status or ,I slate capital, which forced an increased

The growth r.uc lrom 1990-1996 was "2.YX). As u result 01' this development. the
;\'Iiliury .'\dl1linistr~ll()r·s Office. Ado-Ekii i used ~I high variation or 6% for
population projection between 1996 and 2000. The population growth rate has
normalized. In the present study. ,I growth rate or 4.)0;;) is assumed for 2003-2010
and 5% tor period beyond that because of the envisaged improvement in commercial
and industrial activities in the state. ApplyingAgunwamba (2000) formula: PI"= PI
(1 +k )". Where P I"is the future population, his the initial population, k is the growth
rate and the design period, the projected populationof Ado-Ekiti is estimated as in
Table 4.1

Table 4.1: Population Projection of Ado-Ekiti Town.

Year Population' 000

148.3
"201.8
274.6
350.5
-+-+7.-+
571.0
728.7
1.187

19l)fJ

:2003
"2010
2015
:20"20
2025
2030
:20-W
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n Domestic Water Demand

Theaverage value of domestic water consumption IS 120 l/c/d for some cities in

:\igeria (Agunwamba, 2000). This is applicable to Ado-Ekiti and it is therefore used

to calculate the projected domestic water needs for the projected years

cunsidcrcd.; Table -+.:2)

Present and Domestic Water Needs ofAdo -Ek it iT~1bk -+.:2

I Year

1996

2003

:2010

2015

17.8

24.2

33.0

42.1

lOlO
L----- +- -'-- _

I lor_II --)
-----------------------------------

! 2030

53.7

68.5

87.4
,

r -2040 --1-------------14--2-.4------------------

~----~---------------------------n Industrial/Commercial Water Need.

Ado-Lkiu is a laxt growing city. Industries requiring water will be springing LIpfrom

. rime to time hence the possible water need as highlighted in Table4.3.
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Table 4.3 Industrial/Commercial Water Need of Ado-Ekiti

I Industry j Nos I Demand in Daily production Daily water

L--- -- m3/unit output (tonne) requirement (rn ')

W ood indusu. 7 i S/tonne 12 420
~--- _. .- - .- .--~

Paper 111ill / I l Oztonne 20
I I -
I -- - ---- -- - -

_____ 4 ________

lcxi i!c j 1 I 20/10nne 2.0 40
--1-- i

i - _. -- --- -. --

Laundries 10 20/tones 200-
f--._- -- ---- -_ ..

Block making 250 5 1250
-

Hotels & 200 15 3000
-

private

I restaurants I
I

Bakeries ' 50 15 250
-

Gold Room 10 15 50
-

, Abattoirs

I

10 15 50

I
-,

I -,

,
.!---- . _. ------ .------------- --.- f-- ---- ------- -.

Others I 5500
I

- ,- ~

(Source: - Field interview, 2003)

. An increasing industrial and commercial activities in envisaged for the city. It is

estimated that the growth rate in this sector will be about 10%. lienee its demand for

water all increase correspondingly in the projected years.

-L'+ l nstiiutional and Social Water Need

The institutional water need is calculated based on the present population of students

at different cduc.u ional levels in the city(Table 4.4)
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Table -+.-+ Institutional and Social Water Requirement for Ado Ekiti
--------,---,------------,-------------- --

lnstitution ! Nus Consumption Mean population size Gross daily
I

demand(Ipcd)

I

I (Ptiv.uc )

~-- --

:-;,,'I1I.1{)[ /-+9

I

163

-- ------1------..,
,) 210

I Secondary School 12
I

I Technical College

! School of NursinzI ~

1& Midwiferv

5

5

10

10

, Un iversi rv 12

Others

2414

1383

800

116

8500

14340

__ -'---__ -L-________ _ _

(m')

2<)400

450246

82980

4000

1160

85000

172 ,080

600

830,866

An mcreuse or 20% in the institutional water need IS included in the possible

4.4)

projected water need to take care of institutional expansionIrorn time to time Crable

-+.5. Unaccounted for Water

Ready estimates or losseslrorn pipel ines construction points and taps are not usually

available. but these are generally believed to be quite high. According to

.\gul1\\amb:l (2000). this may be taken as10% 01" the total water demand. This value

.i~considered reasonable for this study.

Also a certain quantity of water must be provided for fighting fire. The amount of

water for fire lighting depends on the inflammability and intensity or heat generated

by the burning material. contents and type of building(Bond 1996). The total
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qu.uu itv ofw.ucr required mav be a small lraction olthc total consumption.

The amount required to extinguish a large possible fire is 200 -300m~.

Considering all the tables on water demands i.e. on domestic, institutional and social

plus industrial and commercial, then the projected total water need is calculated as in

Table -L5.

Table 4.5 Projected total water need in Ado-Ekiti (m''zdav)
Purpose Year

I
2003 2010 2015 2020 2025 2030 2040

Domest ic I=~m :'1957 4106J 5JGS4 6851 c) ~7445 14243Sl

~ nd~lstrial~.
-- -I-

5500 6000 6600 7260 14520 15Sl72 17569
J _.. --- -

Inst itut ional ' fUO.87 997 1197 1436.4 1723.3 206i) 2482
0-- ___ - -- .-- --.I.

Fire Fighting I 100 !.10 141 264 200 310 341
L ._ .-1-------- -

I Sub-Total 130748.87 40174 50102 62644.4 8504Sl.3 105795.5 162831
t . - 1---- -

I Unaccounted I 3074.80 4017.4 5010.1 6264.4 ~504.0 1057Sl.6 16283
I i
! for \\,lter I
: (10% of sub- i
I I
1
1Otal) i
I Total Need 133823.76 44191.4 55112.2 68908.8 93554.2 116375.1 179114

4.6 Water Quantity Assessment
In this section the quantity of water that can be possibly harvested from rain,

abstracted from ~round\\ater and withdrawn from avai lahlc surface water. me

estimated.

lhc ~l\ L,[,~lgL' ruintall 01' the study area within (l period or 19l) 1-1993 is as per Table

-L6. From this record the mean annual rainfall is I683mm.

-t.D.2 \\'ater 1"1'0111 l land Dug Wells and Boreholes (Groundwater)

Groundwater is formed by rainfall which permeates into the ground through the

pores of rock formation and finally reaches the underground water table and the

water from streams, lakes and reservoirs which percolate through the soil to the

underground water table.
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Average R:linLdl in !\do-Lkiti (111111) 1<)<)1 1993

I Months I 1991 1992 1993
I

I - I

I Jan. 1.2 0 0

Feb.
I

98.6 0 57.0
-,

Mar. ! 136.0 40.8 18.8
I

I April
I 273.2 107.8 84.6

I

-~--~-----
j\tlU\ 201.2 51.1 95.1.'

-

.lun~ I 163.7 237 108.6

Jul. 463.0 265.3 131.8
- . - ---- -- - -

I :\ugust i 203.6 10 I. 7 274.1
.- ._-------~-~--.
I September ! 200.7 347.6 No Record
rr----------- - _ .. _- -. -- - -- -- --- ----
October ! 152.6 194.6 95.9I I

--- -- -----

_IO\c'mber I Tr 25,6 84.3
I I
i December -, ! 10.4 0 21.4
I I
I Total I 1904.2 1371.5 1771.6
I I

I

Source: Benin-Owena River Basin Authority.

There are different types of wells, which maybe classified based on depths of the

water level or the method of construction and development i.e. shallow or deep wells,

. h:1I1d dug or boreholes.

The groundwuu-r potcntiuls or Ado-Ek iii region according to Adcduro and Fadipc

(1992) is dependent on the soil overburden thickness. secondary porosity due to

fracturing and juint ing. general topography and drainage characteristics.

General!- in this region hand dug wells. the depth of which rangesfrom less than 3m

tll 7.)m .ind sometimes 12m arc seasonal in nature. They tend to have more yields

during rainy season and less in the dry season.

As Ado-Fkiti is underlain by ancient crystalline igneous Cambrian basement
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complex (earth pun). these crystalline rocks arcmade Lip o lgrunitc, gubro and diorite.

1\ls() l'n~1r"1'grain ch.unock ites arefound in addition to ponphyri lic granites. This

type of geological formation does not favour reliable groundwater fracture.

Boreholes in crystalline rocks are better limited to a depth between 50m and 60m.

The groundwater yield, according to a driller from WATSAN who was involved in

drilling works in this area, ranges between 0.541/s to 3.541/s. This estimation is not

bused 011 pumping test done and so cannot be accepted. Also, more detailed

geological works will be required to determine the actualsizes or the different

aquifers available in the region. rate at which each is being recharged at different

periods/season oftill' :'car and the possible maximum ahstruction from time to time.

These.' along with other engineering parameters i.e. type or soil. porosity of the soil

ere. wi!l hl' required before till' actual volume of the availublc under groundwater in

the region isdetermined hence theadoption of Table 4.7.

Tabk -t. 7 Probable Yield from [lund Dug wells in !\do-Ekiti.

I Periods I Type of A verage water Average Common well Probable

I
I

! well column No ofwells diameter (rn) Yield
I

[ I (m3/day)

Ion I .-

J Shallow· 0.45m 200 I 22.5

I " 3,5111 1500 I 1312.5I season Deep
I ---

I Raim I Shallow 1.5m 200 I 75I .
, sC~\sUI1 i Dl'ep ().O 1500 I 2250

I
- - .1

Source: licld Survcv .

lrorn the ubo .l' Table. the average daily yield is ')15m'/day

,.,,.,
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Table -+.~ Y icld Irom Some Boreholes at Ado-Lkiti

I

Location Year of Depth Overburden Depth to Type or Hole Yield

drilling (111 ) Thickness (m) Aquifer Submersible Size (LIS)

i and pump (111111 )
I

!
Th ick ness

I
II (111 )
I

~----------------I--·--- 1-- ----l------- ---.

\. Llr:- ..\ -;:-'lIllipt cr 1986 60 ') i 15(39) I J-1pKS8 150 5.26

I
,

1'01311 \\~llcr I 1%7 5-1 ') ')( 45) 1.5 lip KSI3 125 15
.(Opopogbooro) I

,

I
I

I
I l lnivcrsitv of .vdo

II Hiti 3 HrI IC)S9 63 12 12(23) 150 18.75
I I)rallcklillc

I
Model

-viibola Poultry
1.5 lip

(11~l\\cRd.) 1002 60 9 15(15) 150
I

G.S8

I
SEI:A

I
i ! I,

I

Federal P"I\ technic I I 1.5 lip I I
1993 75 6.5

I

9(64) 150 12.5I
I I

GroundfosI
I I

I
I

I I
1\\ oroko RJ I

I I
I

I
: (Opposite Aiyemi I I
I I Hp KSBGarage.) I 2000 60 18 24(30) 150 7.23

I
:

II

I 1I II
~,

I

Beilin O\\Tn<1 River Basin Authority

Table -+.~ is ~l result 0[' the work done on underground water in Ado lk it i. From this

table till' possible yield of the borehole mentioned ranges between :1.26l1sto I R.7SI/s.

T:1CS~'yic lds were ull cnlcul.ucd from the pump lest carried outby the

driller. This cun he said to negate the earlier reportOil tile groundwater yield. This is

Hlsu a proof th.u to an extent the ground water cun be put into temporaryLise as an

alternative source but just for a period oftime.

From the fieldsurvey. the area where the charnockite underlay spread happens to be
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part ofthe central core area of the city which is thickly populated i.e. about 60%

of the population residing there with 25 to' 30 people in a building.In the newly

developed areas where we have a population of about 40% residing, there are no

water extension lines and so they depend mostly on wells and rainwater. Averagely

16 people live in a building here.

4.6.3 Surface water Assessment

Surface water is water stored or flowing on the earth's surface. The surface water

system continually interacts with the atmospheric and subsurface water systems

Ado Ekiti is blessed with a reasonable number of such surface waters e.g. rivers.

streams ~1I1dsprings. The town's relief and drainage pattern is such that most of the

streams and springs have their sources within the town and drain in either eastward

or southward direction. Surface water storage in drains and reservoirs has been the

most feasible approach in water supply programmes.

Ureje River Water Supply Scheme

The already harnessed rivers for the existing supply to this region is Ureje. The Ureje

water scheme. the main source of existing potable water supply in Ado Ekit: has a

designed C~IP~lCit:01' -J.l)]Onr'/day. This according to the State Water Agency is to be

increased soonest to at least 9860m3/day.

The present total possible water supply to the region from the State Agency is only

4930n1" and thetoral water need is 33824m3. Therefore there is a deficit in the water

supply to the tune of 85%. This enormous short fall necessitates augmentation from

other existing schemes.

Other Complernentary Schemes

Era Water Supply scheme at lkun-Ekiti with a designed capacity of 105000m3/day is

complementing the supply to Ado Ekiti with 8000m3/day of treated water. If this

supply is steady, the total deficiency will be 20894m3 when the quantity from

groundwater i~ neglected so as to serve as alternate supply in case or anyfailure from

the supply Agency.
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Little Ossc wntcr schemear Egbc Ekiti with [1' designed capacity or 84000m3/day is

evaluated to determine the possibJc quantity of water that could be withdrawn from

here. Presently, this little Osse scheme designed to feed66 towns and villages is only

serving 11 rural settlements/villages. This means that the scheme is being

underutilized. Only about 17% of its installed capacity is being used. Therefore out

ofthe balance or 80(;,~)expected production i.e. 67200111'/day reasonable quantity can

he used to argument thesupply at Ado Ekiti.

· Assuming also that the I Itowns being fedhave normal growth rare then only about

:20-30% or its production will be needed.If an allowance or 10% is made for other

rural scu lcmcnis not yet connected. thenabout 60°;;) or its production capacity, that is

50-1-00m' isavnilnble to supplement the supplies at AdoEk iti (rig. 4. I)

TABLE -1-.9ll.-\.LANCE OF WATER REQUIRED TO MEET DEMAND

- -_ _..__ _-

: Probable Total water

need (nr'zday)

Probable supply from Water Defieit

Agency (1113/day) (nr'zday) %

Year

i :2003
I

3382-1- 4930

17860

17860

· ~UIU -t-tilJ7
L . __.._ .. _
· '01') ')')II ")1-' .. -
:2020 I 68909 51049 7417860

12025 : lJ355-t -r6_8_2_6_0_______ 25294 27
I :2030 I 116375 68260 - ---48-1-15·--- 4-1---I
L2_~~~_i~_79~_-t -.L.·-_68_)2_6_·6-_-_-_-_-_.._.· 1 I 10854 62
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, Table -!-.10 Water need if all the considered schemes arc assumed in use .
..

I Year 1 Probable Probable Supplies Deficit Remark
1

I I Toul water supply (m vday) (m ' /day

I I need from .Water,
i ,

I I (Ill'ida)' Agency
I

I (mvday)I
I

I;

: '00'
i '

68260 39366 If Ureje is'I - -) ! 33,824 -

I
I

! doubled, Ero,
I

1 restored andi
I

little OsseI

I looped

12010 -!--!-191 68260 24069 -
I
1 !

I
1

1

T --"--- ---- -- -_._--

1

2015 55112 ' 68260 13148 Work on River

I Ogbese
"

I
I

suppose to
I
I ;

start and to beI

I
completed

I I
before year

I
2020I

Ii
12020 I 68909 68260 - 649 I

12025 ~54 -i68260
----- -----------

- 25294
I I i
L ----+-- ---

16g260,
- ----------.----

! '0'0 i 1 I ()37 - 48115I - .J I
I

- r I'll) II-!-
._____ 1-- _ . _ ____ "__ - .

12O-!-0 t 6R260 - IIOgS4
, __ '_., __ .1__ _ _ ._

- ----- __ •• -·0 ------ , - - - -
On the baSIS ofthis projection a total of 63,330n'" of potable water will be available

, .
for Ado-Ekiti. The present 20891113 deficit can be adequately taken care of Assuming
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L

Ado-Ekiti experiences a continuous industrial/commercial development and

institutional growth in the years considered as highlighted inTable 4.5, the projected

total water need would keep on increasing. If supply from these schemes are steady,

then the water need of the town/city will be adequately met until about year 2015. By

the year 2020 a deficit of 649m3 is envisaged. By the year 2025 the deficit would be

25294m3 and by vear 2040 the deficit would have increased to11 0854m3
. Little Osse

J _

"'

and other schemes wiII only be enough for the next 17 years(Table 4.10).

River Ogbese Schemes

Many of the rivers within Ado vicinity are tributaries of Ogbese. The rivers include

Afin. Elemi. Airi and their various tributaries. Water from these rivers is not used

domestically but for washing.

River Ogbese is perennial according to the hydrological datafrom Benin Owena

River Basin Authority (1991 "- 1993). These hydrological data are detailed in

Appendix 1

This river is phvsiographicallv confined at Ago Aduloju and along Ikere/lse Road.

With more tributaries flowing to this river around this placea possible increase of the

catchment area may be made to have .more impoundment. With necessary

geophysical investigation carried out plus detailed design of the dam the river might

be ~ble to possibly provide enough supply even if there is short fall from any of the

camp lementingschernes.
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Table -t.11 The storage capacity of River Ogbcse<11 Aduloju using the mass curve

I MONTII Cumulative Inflow x
lOb nY'

l Iniforrn Demand x
lob nY'

INFLOW X
10()m3

I -. - ---- ..----1---------.- - -----------1
I Jan. Il)l) I O.-t 0.4 4.5

Feb. : 3.0 3.4 9.0i
Mar. 8.0 11.4 13.5

------
April 5.3 16.7 18I

May' 148.4 165.1 22.5
I June 53.5 218.6 27
----------.--- -f-----.-------+-----;------f-----------/

1.__ . July ._. 335.9 555 .__ .__ 3_l.__5 _
'August 179.7 734.2 36
I September 145 879 40.5
i -.--- -.----------------.- --------- ..-----
I October.. 3lt 1190 45
I November 60.8 1251 49.5

December 3.8 1255 54
I Jan. 1992 1.3 12.56 58.5

lcb. 0.3 1:2.56 63-------+-.-------+-----.....:.........-----. .-----.----------4
____ ~l:1r I 1.7 125R 67.5--j--------+-_._------_.- .- _.-._--_..._._--_.----
. AE.0l ~1---3 ._6.__ -+- 1_2_6_2 -+ 7_2 .

[\1<1\ ::U; 1271 76.5
r- --~-----~--------_r---------~
I June 15.6 1286 81
I Juh' 4.2 1290 85.5
-- ----- ------------+----------_ .._--j-- ------------

I August 169.1 1459 90
I September 181.3 1641 94.5
I October 324.7 1965 99
1-. November 45.5 2011 103.5
. December 2.4 2013 108

Jan. 1993 1.8 2015 112.5
Feb. l.3 2016 117

! Mar. 1.2 2018 121.5

: i\pril. __--i 2.4 2020 126
Ma\ 2.4 2022 130.5

._---_. .- --------+-----------+-------------!
.lunc I -t .-t :2():27 1J 5

:-,--.I' ~~~---1f----6-.6----+----2 (-)~-)3-----1-------
1

. --,-"'-9-.-5--._.
j--- ~- r - .--- -=.-~.- - .-.-- --.-.------. -. .-.-.- - -- .------------1
I August ).) 2039 144
I Septcmber' 49.1 2088 148.5
f---~---+------_r--------_+--------------
! October 44.8 2133 153
1 November Nr Nr Nr

December Nr Nr Nr~ ~ ~_~ _L _
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-t.7 An.ilvsis and Results

-t.7.1 Population Projection and.Water Deni.and

It is determined that with the projected population there is drastic increase in

the water demand. especially from year 2020 upwards. From the earlier calculation

the population distribution against the water demand is as per Table 4.12:

Table 4.11 Population Projection and Water Demand.

: Year Population Water demand (m 'zday)
I

2003 201,816 33,824

2010 274,644 44,191

1
2015 350.523 55,112
I

i 2020 447.366 68,909
--- _._--------- ----~---.

'1 .20.25 570.965 935.543

i .2(Un 72R.712 916.37)
,-------_._--- ---_ .._- --_._-----_.,--

~O-tO 1.186.995 179.114

FWIl1 the existing water scheme i.c.: Urcjc, Fro and little Ossc a total or

63330m" of potable water can be possibly made available lor Ado-Ekiti. This

quantity will be achieved by the time the State Water Agency doubles Urejes

production. restores back the supply from Ero dam to Ado and loops Little Osse with

the existing line at Ado.

-t.7.2 W~1ter Supply to Meet Projected Demand

From the curlier calculations. if the proposed supply orS0400m~ is added to the

Urcjc Production or -t930m' and that 01' Ero with 8000m'. then a total or 63,3301113

which \\i11 onlybe adequate up-to year 20 I5 can be made available. By the year 2020

as per Table -t. 1() the supply would have gradually become inadequate.

But if River Ogbese as is established to be a feasible source is harnessed on or before

year 2020 then the deficit envisaged would have been adequately taken care of. River

Ogbese may be· harnessed at Aduloju if there is no enough record available on this
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river along lse Road. 126.25 x 100m3 is quite satisfactory and will serve this city in

mar» vears tocome.

/\1' Ago /vduloju on latitude 7" :16' and longitude 5" 2'E, the river has the following

as its annual runoff volume in 10<>nY'.

For 1991 - 279

1992 -

1993 -

753.3

159

The. table of discharge from this river along this route, the discharge hydrographs,

area capacity curve and rating curves are detailed in the appendix.

From the water level hydrographs of the 3 years considered(1991-1993) theincrease

, in water level starts from April and became very high Irorn August to October or

every year. A lso from the water discharge hvdrographs averagely there was much

discharge from August to October every year. All these indicate that river Ogbese

apart from being a perennial river has enough discharge that can possibly be

harnessed in thefuture and treat for public use and consumption,

From the hydrological data a damwith the following appurtenances, an elevation of

388.62m area of 7075 x 102n/, height of 7.62 will have a reservoir capacity of about

50.:54 x I06Ily ',.If the elevation is 396.24m and area 1287x 103 m2 with the same dam

height then the reservoir capacity of 126.25 x 106m3 can be achieved.

Also from the available hydrological data both the cumulative inflow and the

rivers storage capacity here are calculated and graphs plotted using the mass curve

Fig.-t.2 and T~lblc -t.1 I.

The river along lkere/Ise Road on Latitude 7" 28' N and Latitude 5" 20 E has

~111 inadequate hydrological data that cannot be ana lysed. llowcver the data obtained

bv AIS consultant (Aug 1993) was relied upon.

The catchment area is estimated to be 1312.5km2
. If a dam with a height of

13n) IS constructed. then the possible impoundment of about 15x 10('nY' can be

made,
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l'()llsidning the .ibovc st.uemcnr the following conclusions arc arrived at

(i ) It is established that Urban centre like Ado Ekiti is not having adequate

water supply,

(ii) l ltheavailablc water resources potentials are optimally utilized then the

projected future water demand of this region can be met.

(iii) It is estahlished that little Osse headworks at Egbe Ekiti can serve Ado for

the next 12 years but requires(a) construction of a booster station between

Ijan and Ado because of the topography of this area as revealed from the

earlier survey work done on the connection with Little Osse headworks

(survey drawing at Appendix iii) (b) total rehabilitation of this headworks

including reconditioning of the high lift pumps meant then for Akoko areas.

(iv) There can still be conjunctive use of the surface and ground water to an

extent i.c. in places where there arc quartzite spread andfractured

weathered rock,
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"CHAPTER FIVE

\VATER QUALfTY ANALYSTS FOR THE CONSIDERED RIVERS.

5.1 General
Water quality supply of urban territories remain a big problem. In the

centralized water distribution systems.breakdowns. pressure drops and interruption

of water supply are common, increasing the risk of secondary contamination ofwater

thus posing a health risk.

Urbanization is an inevitable and unavoidable feature in the process of

dc\ clopmcnt In some areas rapid urbanization has taken place because of rural-

urban migration. expansion of urban territory andgrowth of population in urban

In these circumstance, the capacityof urban centre to cater for the basic needs of

~.rO\\th is heavily challenged. lmplic.uion 01' such urbanization arepoverty. gross

incqualiiv. high unemployment. underemployment. over crowded housing.

proliferation \)1' slums and squatters, deterioration orenvironmental conditions.

highly inadequate supply of clean water, high incidence of diseases. over crowding in

schools and hospitals. overloading in public transports and increase in traffic jams,

road accidents. violent crimes and social tension. These features are characteristics of

urban centres in which Ado Ekiti is not left out.

Ado Ekiris population has increased drastically with more industries

springing up so that demand forwater is on the increase. The acceleration of

urbanization posses new challenges for parties aiming to serve the poor and address

povcrtv. 1\lira I tl) urban migration is incviuib!c bCCCIUSC or the scope or employment.

income ,1III I other luc il it ics ill such centres.

The operators or water supply systems are responsible for regularly monitoring

the quality of the water supplied to the consumers and its conformity with theWHO

guideline most especially the bacterial requirement that no detectable bacteria in each
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100ml of w.ucr. Many substances may be left to exist in a publ ic water supply only to

a limited C:\LL'nl. Certain properties of the water must also be controlled within

specified limit to provide a wholesome and palatable supply. Conventional treatment

methods such as chemical coagulation or lime softening are effective for removing

many or the hcavv metals and radioactive materials such as radium.

No ,single treatment process is effective Cor complete removal of all inorganic

cout.unin.uus. but fortunntcly. many, call be removed Irom water by coagulation or

1imc softening.

T:1hles :'.1. :'.~ and :'.3 shovv the concentration ofvarious clements in raw and treated

wntcr from both complementary schemes carl icr mentioned and thator Ureje. the

major source of supply to the study area.

Table 5.1 Parameters in Both Raw and Treated Water from Ureje Scheme.
"

Parameter Raw Treated

Odour ,Unobjectionable Unobjectionable
Colour (Hu) 20 5
Temp °c

-
26 26

rPH'
7.4 7.0--- --

,Turbidity (NTU) 22 7
I Conductivity ms (;11

·T--·-- - ---~------------- ---- .--- --..- -, -- -- - ---
O.OJ O.OJ

t-- --.------ --, -----------_ .._--
! Total Dissolved Sol ids mg/I 142.86 128.57
]'+- . -------- --- -.-- .-- .--------
I Acidity mg'! 0.6 0.4

I TOlal hardness 1l1g./1
- - -- ------ -.-

2.() 2.)

i -----

I Calcium hardness mg/l 10 \I
-- --- .. -- .- --- -_. ---- ...~--_ .

Magnesium hardness mg/l 16 14
--

Chloride mg/I 22 23
----- - - --

Iron mg/l 0.3 0.1
I Bacterial count/I OOml sample TNC TNC
i Coliform count MPN Nil Nil

Source: Ekiti State Water Corporation.

TNC' means Too Numerous to Count.
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Table 5.2 Parameters in Both Raw and Treated Water from Era.

Parameter Raw Treated
.---. ---- -- ---_._-._---- ." "---" . -_._--..... _---

Odour . Unobjectionable Unobjectionable

Colour (Fiu) 10 5
, 0

26 26Temp c

pH 7.4 6.4

I Turbiditv (NTU)
- - - - -.--

12 4

i Conductivity ms cm-1
- - - -

0.02 0.03
r- ------ ._---- ------ - -------_.-
i Total Solids mg/I 57.14 60

I Dissolved solid mg/I 57.14 160

I Acidity mg/l
.,

0.5 0.5
I

I Total hardness n~g/I 18 18I ~ .
r--:. - ._--

. Calcium hardness mg/I 4 10
-- - --~~.- -- - _ .._. - --------- .-

Magnesium hardness mg/l 14 8

Chloride mg/l 17 20
-- -.- .. - -- - -- ------_ .

l lron mg/l 0.1 0.1,
i - - ---------- --

TNC---·-~=~__-__J~-N:- ___ J
I Bacterial couni/! OOml sample

I Coliform COLlllt MPN
- - .. - .. -.-.-.

--I160 I Nil
'------- ----- - --------- -- - -- - - -- -

Source: Fkit i SUHe Welter Corporation.
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Table 5.3 Parameters in Both Raw and Treated Water from Little Osseo

Parameter '. Raw Treated

Odour Unobjectionable Unobjectionable

I Colour (Hu) 20 5

Temp Vc 26 26

pH 7.2 8.8

Turbidity (NTU) 8.0 5.0

C\111l1LlL'li\it\ IllS \.'1l1-1 - -
I ,- -- ---. - --. --..--

[',)Ld ~l)lids Il1g I 70 Wi.71
I
I Dissolved solid Illg.'1 70 85.71
I

I Acidity mg/I
_ .._-- ---_.

.. 0.4 0.3

Tota I hardness mg/l 29 13

I Calcium hardness mg/I 1 1 5
i
I Magnesium hardness mg/I 18 8
I •

l'hloride mg/l ., 15 25

i Iron Illgil 0.2 0.1

I Bacterial count/ IUUIllI sample TNC 0.1
I

i C01i form count MPN 160 Nil I

,
I J~--.---------

Source: Ekiti State Water Corporation,
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Table 5.-+ compares the concentration of each contaminant with the WHO

standards andInternational Permissible Limits(copies at Appendix)

Table 5.4 Comparison Of The Treated Water Parameters with WHO Guidelines

And International Limits .

. '

TREATED WATER FROM WHO International
P.-\RArvIETERS UREJE ERO Little Osse Guidelines Limits

I Colour (Hu) --
- - . - - -

:) :) 5 15 Tell 6.5-9.~
I

II -- .. - •..-.-...---_._--

I_Temp c 26 26 26 Ni\ NA
-_. ._- ------ ._---------"-- - - --

!pH 7.0 6.4 S.~ 6.5 to g.5 Ni\

I Turbidity (N ru: 7 4 5.0 5NTU 25NTU

I Conductivity m~ cmT
-

-- --- - ..._--" ..-. _ .. - --- . -_. ----- ---
0.03 0.03 NA Ni\ Ni\

I Total solids mg/l
-

- 6.0 g5.71 NA NA

Total Dissolved solids mg/l
--

128.57 60 85.71 1000mg/1 NA

Acidity mg/l 0.4 0.5 0.3 NA NA

Total hardness mg/l 25 18 13 NA NA
--_._------_ .._- - ..._- - ._--------- ----- --- ----- -_.__ ._.

Calcium Hardness mz/l 11 10 5 500 mg/l 200 mg/l
I ~

r\ L1-gn-csi~1Il1l-Ll~'lin~ss J~1g/1--
1----- "----- -v: - ..

1-+ 8 8 NA 150

. : Chloride mg/] ')" 20 25 NA 600_J

, - --.---- ..- - . -.. -

I Iron I11g/1 0.1 O. J 0.1 0.3 mg/l 1.0
!

I Bacterial couruI 00 ml rnc TNC 0.1 NA NA

sample

--I-Ni\--~j--------- - - ------ . -- "----- - .. -- -- -- ---
Coliform count (MPN) Nil Nil Nil Absent in

100ml

In case of colour of the finished product from the 3 schemes, the treatment profer

has been able to reduce this to the permissible level. And lor the pH of the treated

water from both Little Osse and Ureje it iswithin the allowable limit while that of

Era needs to be controlled. This will increase the pH to the permissible level thereby
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. providing: a less corrosive finished water. In this case, liquid caustic soda is

commonly used because of its ease of handling. But when a large increase in pH is

required. lime is usually the most economical choice.I.imc, however may add

turbidity. If lime is used for post filtration pH adjustment, it is generally best to use a

lime saturator to ensure that no turbidity is added.Turbidity, from treated water

analysis is less than the maximum permissible, so it is still acceptable. For the total

dissolved solids. on treating, it thus reduces to the allowable limit.

hum the analvsis. the rest of the parameters fall within the allowable limit except the

bacterial count in 1OOml sample which is too numerous tocount Except for Little

Osse the :2 other schemes; Ureje and Ero require better effective disinfections with

chlorine gas or ozone. This will reduce the bacterial count.

Table 5.5 shows the concentration of various elements in the water from Ogbese

..

river during dry and wet season.

Concentration of inorganic clements in River Og.hesc

i E[ .EIVIENT
i
I

, CONTA l\'flN:\ NT

CONCETRATION IN RAW WA1T~

DRY SEASON WFT SEASON I

,~~~~~~_·I_l·_0._i- __ -= -_--._-_-_---_---+-_3_6_lli_g_/I_. -·-_-- -~~ =~~~71~__.~_- -------1
x 1/\ ~(Jr\N ES [O.005Illg/L

--- -------- -.- - - ------1 ..----- ----- - ---

i 1\ L·\GNESlurvl

IRON

O.OOglllg/L

l Orng/L20lllg/L
.,.------l-------- -.-------------- ..-------

0.64mg/L 1.21111g/L

TURBIDITY 23FTU
lpj~ ---·----------··----I-6-.0~---------------·-·-5--.6---

30

113FTU

20COLOUR

r T01::L\L DISS-O-L-Y-r.-:-D-S-O-L-ID--+-I-OO-I-n-g/-L-----------·--I-O-O-m-g-/L----------

f-I-.f-\-C-ID==IT=,='=====~_==========:=.-========----=======~-~.~~~~~~~-~--_-_-_-_-_-_-----1
I TOT.\L II\RO IFSS ~()mg/1. 3Rmg/l.---------i
!-- -- -- --

('I !IORIDL 17111g/L
I_ .. .._. . .. _._. .L ....

Source: From Field Survey

River Ogbesc is ana lysed to confirm whether the water can be treated to WHO

standards. l ronis Ircqucntlv 1<-)LIndIn ravv waters and <I minute trace can usually be
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round in all waters delivered to the consumer when the water has been in contact

with iron pipes. This metal is not harmful but there are objections to the presence

above a certain amount.

(i) It can make waterunpalatable imparting a bitter taste to the water when

present in large amounts.

(j i) When the water is exposed to air and takes lip ():-;ygen the iron is likely to

precipitate and the deposits cause brown stains upon sinless, baths, wash

basins and laundry.

The WHO international standard for drinking water gives 0.1mg/L as the highest

desirable level and 1.Omg/L as the maximum permissible. The range of 0.64mg/L

to 1.2mg'/L from the analysis indicates that the concentration is high though it is

still within the maximum permissible according to WHO's International standard

during the dry season. The treatment of this water with chlorine and lime will

oxidize the iron which will eventually precipitate according to the chemical

reaction cqu.u ion below.

Calcium is present in w.ucr ~lS bicarbonate causing predominantly temporary

hardness whil« its chloride. sulph.uc and nitrateC<lUSC permanent hardness. From the

result of the analysis there is limited calcium present hence it is acceptable with the

WHO standard.

Manganese is a troublesome clement in water even when present in small quantities.

It forms a deposit in water in the presence of oxygen or when chlorine is added. It

can then CL)<.l1 ·the within of pipes with a black slime. This slime is eventually

detached from the walls or the pipes and conveyed through service pipes to the

consumers io whom it is most objectionable. Manganese isoften associated with iron

in w.ucr and h:1S~lbehaviour which is similar except that the deposits arc cumulative.

Il igh quantities of manganese arc toxic.

From the result of the analysis the manganese concentration ranges between

.5 I



~ ---- --

O.OO:=;mg/1in dry season to O.008mg/1 in wet season. These values are far below the

highest desirable level given by WHO standard for drinking water.

Even with the chlorine that is going to be used as disinfectant in the treatment, iron

and manganese \ViII be chemically oxidized by free chlorine residual.

r- " + Mn++ -I- oxygen free chlorine Fe 02t+Mn02"
•Residual insoluble metal oxides

Turbidity em he said to be the content level01' particulate matters 111 any source

water. The WtlO standards stipulate 5NTU as the approved level of turbidity

permitted in any drinking water. From the analysis of Ogbese River, the turbidity

range. between :23 NTU and 133 NTU which is very high compared to the allowable

level hence conventional rapid sand filtration may be used for this high turbidity

situation. For. the pH contaminant, according to WHO the maximum permissible

level ranges between 6.5 to 8.5. From the analysis the pH shows that the water is

acidic but can easily be treated to fall within the permissible level with the lime and

caustic soda to be added.

Colour: is caused by naturallv OCCUlTIngorganic matter that is the result of the

natural <.kGI\ ,)1' vegetable matter. primarily leaves. grasses. roots and woocl. The

resulting soluble or colloidal dispersion. of semi-soluble matter are a mixture or

primarily aromatic hydrocarbon polymers with carboxylic groups.

Carbonate Hardness: in the form of calcium is to be removed by adding lime to

softening. Lime plus soda added removes both carbonate and noncarbonate hardness.

The lime or lime - soda ash process removes only calcium carbonate hardness down

to a minimum of about 35mg/1

With the result of the analysis of raw water from Ogbese, conventional treatment

method with rapid sand filtration may be considered. Lime. caustic soda and chlorine

:lIT vcrx necessary for the treatment purposes.
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CHAPTER SIX

CO CLUSION A D RECOMMEN DATION

6.1 CONCLUSIO

II is discovered th.u ihe influx ofpeople to this city after the Cl"L'UtiUIlofLk iti State and

subsequent industrial/commercial growth are the main reasons lor inadequate water

supply.

From this study, there is suggestion thatlittle Ossc water supply scheme be looped with

the existing mains ru Ado-Ek iti close to Matthew junction. With the looping ofthis line,

restoring the boost from Ero and upgrading the productionj['0l11 Ureje in earnest, the

immediate and the projected water needs for the next12 to 14 years can be adequately

met.

River Ogbese is also considered to be feasible as additional source of supply to the

existing supply so the need to harness it for future need.For this reason there is a

suggestion that ncccssarv hydrogeophysical/geophysical investigation and detailed

design be embarked upon .u least 5 years earlier than the proposed lime or

implementation andcompletion of the project.

I t is em' i~:lgl'd 111;1( i r R i vcr Ogbcssc is h.irncsxcd ;1( !\d 1I1oj 1I it \v i II 11<1vc enough

impoundment thai «111 sufficiently serve Ado Ekiri. However. it will be necessary to

embark on necessary investigations to ascertain the possibility olharncssing it at

Ikere/Ise Road.

There are more tributaries flowing into the river around here so there is possibility of

being able to have increased reservoir capacity. This impoundment might be able to

serve other 10\\nS like lkcrc and lsc Ekiti as well. Though the piping from Aduloju to

Ado is less and eOSI might be reduced but more towns can be serviced through Ogbese

at lkcre 'lse Road, The cost involvement and benefits of both impoundments can be

compared forfinal selection or location considering the economical aspect.

It is also discovered that newly developed areas in Ado-Ekiti have no water extension

lines. It is uncovered that despite the massive spread or unproductive geological

format ions. people still engage in indiscriminate digging ofwells and drilling or
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boreholes.

It is also proposed that the underground water is just to serve as alternative supply for

temporary use within a short period. Meeting long projected water demand of this city

will in no small mensure assist the development of the city. In fact the future will be

bright for industrial and social developments and indirectly technological advancement.

6.2 RECOTvfT',,1ENOA TIONS

The rapid urbanization process in Nigeria is generating huge challenges and both

government and civil society agents have to develop strategies to cope with these

challenges.

Hence. it is recommended that pipelines be extended to all areas where there are none

in Ado-Ekiti. Replacement of existing damaged ones is also necessary as all these will

. improve the entire water supply and enhance the revenue base of the water agency. The

Stale water ugcncv can become self-sustaining financially in future if wastage is

drastically reducedand there is optimal use ofthe available supplies.

There is need lor total rehabilitation of this Little Osse scheme and reconditioning of

the high lift pumps. Also because of the topographic terrain along Ado- ljan road it is

necessary to have a booster station at ljan Ekiti to get water to Ado Ekiti.

Even though Ado Ekiti area has been classified as being poor in ground water

potential. hand dug wells and borehole can still be constructed in conducive areas after

thorough geophysical investigation of the sites under consideration. This will serve as

additional or alternate source in case there is interruption of supply due to some

technical problems.

Also for the borehole construction. the relevant body ought to visit the site and approve

or disapprove the cfrilling of borehole, considering the numbers already in the area and

how they can affect the existing water table to avert future havocs that this

indiscriminate dri lling of boreholes or deep well can cause the community and much

financial involvement that can cause the government.
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It is suggested that rainwater can be harvested and treated for just family domestic uses.

Since it is generally believed that "Water islife," then any government that values

development \\i11 not hesitate to expend more on the supply of potable water to the

people. Water is the most essential social need and therefore it is necessary to provide it

adequately in order to promote good health and continuous industrial development.
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APPENDIX I

GUIDELINES FOR DRINKING WATER QUALITY (WHO 1982)
CHARACTERISTIC ACTION LEVEL

---. - - --
Arsenic 0.05 mg/ I
Cadmium 0.005 mg/I
Chromium 0.05 mg/l

--
Cvanide 0.0 I mgl1
Fluoride 1.5 mg/!

LLead
..

0.05 mg/I- ---- ------ -
,_~kn..:ur)

- ------- l_g~_~~lJ_.~llg~L.. - .

I Nickel 10.1 mg/!
INitrate and Nitrite Nitrogen

.- -- -

! 10 mg/1
I :'\ ur.uc :'\ilrug,-'ll I 1.0 lll~/l

i Sclcncum I 0.0 I I;gl1
j

! Chlorine I 250 mgl I

I Sulphate i 400 rng/:
--

Hardness as('e\('(1;. j 5001llg/1 I
-- .. j

T t I di I d I·d 1000 II, oa ISSO ve so I s mg
j

j Aluminum 0.2mg/l
l-

i Copper 1.Omg/1
; Iron 0.3mg/l
I Manganese 0.1 mg/c

- -- -- I~

I Monochlorobenzene 10.1 Ng/l
j 1.4 dichlorobenzene 10.1 NQII
.------~-- ----- ----'=-----------------
I 2.4.0 100Ng/i
; Gross alpha activity I O.lBg/1
I Gross beta activity 1.0Bq/l
I Colour beta activity 15 TeU
i Turbidity 5 NTU
I Taste not objectionable to 90% of consumers
IPH 6.5 to 8.5
I T---:---..- .---.-.---- - -- ---- -------.., ..
CIt!OIlllS

-------------.
(S()lII"Cl': Tcbburr. 19R3)

absent III IOOml



APPENDIX II

International Limit for Substances affecting the acceptability of water for

International Limits

Substance Hishest Desirable Maximum Permissibleb

Phenetic Compound 0.001 0.001

(as phcno I)

Fluoride (as F) 0.2-1.7

Nitrate (as 01)

pH 7.0-8.5 6.5-9.2

Copper (asCu") 0.5 1.5

Iron (as Fe~-) 0.1 1.0
t ,

Manganese (as Mn) 0.05 U.5

Zinc (as Zll) 5.0 15

Magnesium (as Mg2-) 50-150 150
,

Sulphate (as SO--.j) 200 -toO

11:-drogcn sulphate

(as H~S)

Chloride (as ..CI) 200 600

Chlorine (free)

Anionic Detergent 0.2 1.0

\IllIlWlli:1 (:1" Nl l-)

C1rbl)J1 dioxide (free)

Calcium (asCa") nil 200

Mineral 75 0.5

Mineral oil with high 0.01 0.1

sulphur content

-!-urbi d ity (un its) 5 ) -
-)

Organics

Source: FE P;\ (1991 )



APPENDIX III

1 - OGBESE RIVER.
1(a) ANNUAL REPORT OF GAUGE HEIGHT AND DISCHARGE (1991).
WATER-STAGES
(I ] CENTI1'v1ETERS)

STATION:
RIVER:

;\DO ;\f)lILO.fl1

OGBESE

i) '\ ; I .1. \ :'\ II H \L\R ,\PR I \1;\ \' ! .Il)~ nn. ;\lJG SEPT OCT NaY DEC

II '1~~
1-~7

-------
88 47 97 32 148 291 218 273 83

I~
-+-+ 78 -+1 80 227 I·n 253 212 226 2()I 82

26 -+3 " 71 37 65 214 300 235 269 • 241 80
2-+ -+2 G2 3-+ :-II 19:" JO() 228 2.')1 222 79,-

5 I' 30 58 28 118 182 300 215 239 215 77--
6 20 29 51 27 218 176 288 217 258 187 75

'7 18 ~8 , 169 98 '142 un 280 239 266 182 73
8 : 16 l 28 1 113 84 191 277 224 259 175 76
9 ! 13 i ~6 I 82 70 185 I .260 212 ,-.-. 170 169._J.J
10 I I I ' 26

,
7' 63 130 210 256 209 214 161 68 1,)

11 110 25, 75 55 129 200 203 232 155 68
I

I 1012 24 64 51 124 ' 159 274 183 215 ISO 67
13 110 ,-- 62 48 161 146 268 185 210 147 65...J

I1-+ 110 89 58 56 198 134 248 209 136 64
1~ 7() 8) 164 9R ::20() 1:14 300 222 204 298 130 63

---
,

I 300 I 18110 I l) 1 :2-+ »o .::!25 137 200 205 17-' 60
I ;~

_J

17 -+5 99 84 300 142 300 168 199 291 121 54
18 35 66 99 76 300 135 300 2"'''' 191 287 ]]9 51

"
.J.)

19 26 64 85 64 300 132 300 252 203 283 114 44
20 18 63 - - 112 300 124 voo 270 206 III 41""
21 16 1 61 1 4i 114 300 118 300 242 198 109 66

122 1-' I :"6 I -'8 84 :100 112 300 231 19.') 107 ()8.J I .J (

I I')'
I L~ I :'.~ ~ '.'"" i 7:" 29-+ 107 30() 228 I(n 104 ! (J8_.'

~-+ ' I~ CJI ~7 ! 7ll i ~-+8 X:" 1 .lUll 22-+ IX7 i 1UI I 57 ' !

1

25
1
10 ;77 2:" 52 i ,,'" 8.') 290 234 18.') 98 59__ .J

26 18 7-+ 19 56 210 59 300 272 189 96 62
27 20 7-t 16 197 90 300 16lJ 213 93 60
28 8 97 25 71 170 83 300 246 221 59 58

129 I~ ? - 68 182 175 300 241 219 85 -8 I
-)

I ~J1
30 21 74 147 163 300 226 217 294 89
~ 1 S lc) 134 300 215 286 56

~ I

I

MAX
MIN

76
6

97 .
21

164
16

. , L.__ ._"__ .~ lllLbd_~
300 227 300

55 29 142
291 269
161 190

298 273
216 84

83
41

]]4

23

M.-\Xli\ fl M ~ em 171n'i/Q] I I mln~/Ql

~ ';=:i=l /=n,,=-/=Q 1~11 -"

SOl'l~(,F.: nr:~Il\-O\\T]\j,,\ RI\T:R n,\Sl .:\t 'TllOI~lTY. I1J-:NlN



ANNUAL REPORT OF GAUGE HEIGHT AND DISCHARGE (1992).
"lATER - STAGES
(IN CENTIMETERS)

STATION:
RIVER:

ADO ADULOJU
OGBESE

200

DATE JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOY DEC
1 55 35 36 42 97 42 215 300 284 182 69
2· 55 35 12 18 95 16 215 259 287 200 68
3 53 34 "'"' 30 95 34 215 238 267 200 67-'-'
4

i
53 I 34 80 70 100 90 214 231 290 200 67

5 50 ' , 70 70 100 75 270 222 290 192 65-'-'
6 49 "', 99 100 107 95 260 210 290 190 65-'-
7 48 3 I 77 96 102 80 247 252 289 185 65
~

I
-IS ~()

I ~;
90 \0::2 7::' 247 2~() 274 60\76

IC) i 46 I ~6 C)~ lOR 80 240 22R 274 170 55
II 10 I 46 .1 35 60 74 113 :2]8 220 266 169 -;

)-

III
1

46

1

34 69 70 118 70 209 211 290 167 50
12 46 ~:2 70 70 11R 60 207 219 277 151 62

1

13 140
1

31 74 69 1122 65 204 279 274 148 60
14 46 29 70 69 123 70 219 221 274 143 58

I 15 '46 I '9 58 58 119 80 • 219 231 300 140 58
116 146 /28 75 75 102 85 192 192 300 130 56
1 17 1

46 ')7 80 80 97 91 192 192 300 127 53
,,

/26
I

18 I 46 77 77 97 20 200 220 296 125 53 I,

19
1

46 . [ ;- 72 100 99 10 200 246 288 121 53-)

20 ' - 62 94 98 35 195 288 277 118 47
1
45 I -)

121 '45 124
-, 94 90 59 195 275 280 110 45

145
)-

22 24 40 96 98 54 156 245 290 107 42
")' . -15 ' ")' I I "lC 96 ()7 I 35 156 224 290 100 58I --) I -.) I I -)

I ~4 i -L:'\ -, -, , ")

07 lUll • -I () 106 211 290 100 58I _-1

1~O 1-0I -I .... :20 100 96 192 260 290 98 58'25 . _1 I)I

126 I 40 20 2l) 100 96 66 185 2()0 2lJ6 l)5 54
/ '17 I 39 20 40 III 101 44 2<)1 243 286 90 50
.28 I -' L) 18 40 101 118 40 300 237 274 l)0 50
I

i '8

1

29 11 S 51 99 118
...• ,

2R9 ]37 271 81 48I -1

1

_1 -'

30 36 97 117 85 287 220 260 71 48
I I

~I ~.:; I

~ 1)7 I .~) 1~7 Il)() -IX

W
I -- II

,,----~---.-- -- - -- - - -- - _. -'- - 35 99 III 118 95 300 300 300))

69 .'

71
MIN 35 18 12 18 95 10 156 179 196

42

~

.
ivIAXIl\IUM em I ')9/()R/9') I I 17/10/9; J

GQJ
DAn DAIl-:

MfNIMllM em
1

1C)/()7/l)' I I

63



1- OGBESE RIVER.
1 (a) ANNUAL REPORT OF-GAUGE HEIGHT AND DISCHARGE (1993).

'VATER - STAGES

(IN CENTIMETERS)
STATION:
RIVER:

ADO ADULOJU
OGBESE

I D \ rr I J \ "\ r r:n I !\ L\ R I .'\PR M;\ Y ! .lUN ,HIL !\UG SrPT OCT NOY orc
1. 64 38 37 39 60 47 47 90 180 172
2 63 38 37 39 61 47 60 100 185 155
~ 62 .+0 40 39 63 47 75 100 170 149.'
4 61 40 41 45 64 65 95 100 174 148
5 60 40 41 60 55 80 80 150 173 140
6 59

1

39 43 60 53 7') R') 12') 171 140 I
7 59 .'X 43 53 50 (i0 g(i 130 176 135

18
1

58 37 44 50 50 65 '67 140 167 128
19 58 36 46 54 55 70 89 160 160 146

1

10 I ~7 36 46
1

54 60 68 90 UW 155 160

I :i
I -:-7 .,5 48 54 59 69 92 200 15R 165

1

56 35 46 57 59 69 94 100 159 143
I~ 5() I 35 40 59 50 70 97 120 143 140.'

114 I ~~ 40 49 40 50 70 80 125 145 140
_ 15 , ).) 60 49 40 50 72 83 140 147 138
I 16 -7 49 50 40 68 7:3 85 160 149 150
117

)-

50 20 50 40 62 75 88 180 134 125

1

18 49 30 50 45 62 77 70 180 136 180

I19 -47 60
1

51 47
1

62 78 72 200 138 175
I ~O I I - I )7 51 55 63 60 73 100 200 193..,)

121 145 160 59 60 64 69 75 120 125 110
I I I _,
- " '44 59 65 65 70 76 1Y 127 180I --' I i o.; -)

I~ ,41
I 52 42 6g 60 gO 77 130 110 170--'

24 40 I 53 40 50 49 n 78 145 IOS 165
'") - 40 . ~4 40 - - 48 75 79 165 106 150-) I • ))

I26 40
1

57 39 57 48 74 60 175 104
1

150
27 40 59 ]9 60 49 73 ,60 190 130 148 I,

1

39 I 140 I I

28 55 39 75 50 171 59 200 180
29 39 39 91 50 71 59 200 IS5 130
30 I ..,s 39 SO 49 71 59 200 195 130

1 .h
31 .'~ 39 40 5l) 200 125

I J I I
T - ( ~ ..,

MAX 64
MTN 38

60 )9
20 37

80 65
39 47

80
47

95 200 I))

59 90 104
19.)
125

MAXIMUM em 1 c)IOR/c) 'j

DATE

1 I 'j 1IOR/c)'j

DATE

uI

l'vlJl\'Ji\ Il\ 1 elll
17m' l) i

..•



\VATER DISCHARGE
(TN l\13/S STATION:

RIVER:

1991
ADO ADULO.JU
OGBESE

OATE JAN FES MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC
I 0.13 0.51 3.~S 0.051 4.80 0.15 0.15 135.00 57.74 53.25 108.00 2.96

0.10 O.~ 1 2.37 0.32 2.65 62.45 62.45 88.50 104.60 61.54 96.00 2.83
,

0.06 I 0.38 1.70 0.24 1.30 51.60 51.60 70.00 85.50 79.25 2.85

I 0.06 I 0.35
1.18 0.18 2.93 39.00 39.00 63.33 73.75 58.48 2.40

0.04 0.13 0.94 0.10 8.50 31.80 31.90 52.50 93.20 52,50 2.32

\ 0.02 I 0.12 I 0.6~ 0.07 53.20 29.00 29.00 54.30 103.40 34.20 2.10

0.01 0.10 2~~0 4.88 15.10 32.20 32.20 73.75 94.10 31.80 1.90
, 001 . 0.10 7 ..),:, 3.00 37.00 37.00 59.96 68.00 28.00 2.20

000 0.06 2.93 1.65 33.00 33.00 49.80 51.60 24.50 1.60
0. 000 0.06 2.10 1.22 1140 48.00 <-18.00 47.50 ()7.00 \21.50 152
I 0.00 0.06 2.10 O.SO 11.12 48.00 43.00 44.20 52.20 19.00 1.52

4,
000 0.06 12.' 0.6-1 9.5e) 2050 ~O.50 3~ ..~O ·18.00 17.UU ·1-15-

! 000 u.06 I 18 0.53 2UO 15.80 15.S0 33.00 47.50 15.90 1.30
4 I V.UU I 3.6U I Ul).j U.80 .jO.DU 12.3U 12.3U ..J7.50 12.8U 1.25

5
1
2

.
20 1 3.12 1 U.l).j ..J88 <-15.75 1.3.30 13.30 I I 1.00 44.60 I 1.40 1.22
1.11 ') '') 3.72 60.70 15.10 15.10 104.00 43.00 142.50 10.28 1.05_ ..J_ . 23.00

i O...J~ I 1.90 I 9.66 3.00 145.00 15.10 15.10 8000 41.00 129.00 9.33 0.75 .
I

o.io I 1.35 I .j .95 2.20 l.j 5 .00 12.60 12.60 1<-I5.()O :n.O() 1:;:i.OO 8.90 0.64

I 0.06
1.25 2.93 1.25 145.00 11.80 I 1.80 145.00 44.20 125.60 8.65 0.51

0.02 1.22 0.80 7.17 1..J5.00 9.66 9.66 145.00 45.75 123.00 7.50 0.41

0.01 1.11 032 7.50 145.00 8.50 8.50 145.00 40.00 7.00 0.12

1 0.00 0.86 0.26 3.00 1..J5.00 7.17 7.17 145.00 39.00 6.35 1.36

~

0.00 ' 0.70 0.20 2.10 IJS.70 6.00 6.00 145.00 38.70 8.00 1.52

I 0.00 I 1.11 0.07 I.:i3 8000 3.12 3.12 145.00 34.00 5.68 1.52

I 000 12.:-;::> I 0.06
•1.18 58.22 3.12 3.12 133 ..00 33.00 4.75 0.90

: 000 I 200 I 0.02 I 0.S6 4S.00 1.00 1.00 145.00 60.70 4.60 1.25

I 0.00 . ..JSO 0.0 I 39.60 3.72 3.7'2 145.00 57.74 4.10 1.05

\ 0.00 0.0.6 1.70 .25.50 2.96 2.96 145.00 47.60 3.80 0.94

L 0.00 0.05 31.30 28.00 28.00 145.00 54.30 3.12 0.20

J 0.00 0.03 15.90 22.50 22.50 145.00 52.50 138.70 0.88

.000 0.02 I:UO 145.00 128.30

a\. 2.20 I ..)SO ! 2,,)50 I 7.50
1

145..00 ()2 ...)5 I·I.~.OO 135UO I ()4()0

I
110l).()O I 2()6

,';111 I 01' I 1.15 I .~ I o I 20.65 55.92 23.,,)6 I 1.,,)3

,,' I () on I o.o: I o ()I I ()o.., I I ~o O. I ' I "0 ~I 10 ~~ ()() ~. 12 0.-11
I .

I " )_
I _

\1605.60 ! 3701.8Usn. I .j..J 7 l " ..o,:, I -;8 -, 619 ...J5 20128t) 1877.63 104488 703.73I _'_.l_~ _ .,J
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\VA TF.R-DISCHAR(;E
II\' i\IJ/S

1992
A(;O Al)ULO.JU
UCilJLSL

STATION:
1\1V L1\

- ---....----~
·AUG~-SEP-

..-._-
DATE JAN FEB MAR APR MAY JUN .lUL OCT NOY DEC

1 0.80 0.:20 0.22 0.35 4.80 0.35 52.50 145. 124 31.8 1.60
2 0.82 0.20 0.00 0.02 4.30 0.01 52.50 94.1 125 43.0 1.52
,

0.70 0.18 0.10 0.13 4.30 0.18 52.50 72.5 103 43.0 .45.J

4 0.70 0.18 2.65 1.65 5.00 3.72 52.60 66.0 I"" 43.0 1.45.J.J

5 0.61 0.17 . 1.65 1.65 5.00 2.10 105.0 58.4 I"" 37.8 1.30JJ

6 0.57 0.15 4.95 5.00 6.00 4.30 95.00 48.0 I"" 36.0 1.30.J.J

7 10.53 0.14 . 2.32 . 4.50 5.46 2.65 79.50 87.0 129 33.0 1.30

I~ 0.53 0.13 2.90 3.72 5.46 2.10 79.50 65.0 III 29.0 1.05
0.47 0.:::2 4.10 4.10 6.20 2.65 75.00 6:1.3 111 ,- r- 0.80

1

10

-).)

0.47 0.20 1.05 2.00 7.35 72.50 57.0 103 24.5 0.69
I 0.47 I 0.1 S I 1.60 1.60 8.50 1.65 72.50 48.lJ I"" 23.7 0.61

I111
I 0.18

I
JJ

1~ 10.47 i 1.65 1.65 8.50 l.()5 41.50 95.4 114 17.5 1.18 I

13 : U 14
I

2.00 II I 0.47 I 1.00 lJ.OO 1.3U 4().()U 3U.5 III 16.0 1.05
, .

\ I 1- (\ 1 ., I I () 2 ~ I ()~ 0.94• "0
I()~ IW . -i-l.W 57.7 11I 15.5

15 0.47 I 0.12 0.94 0.Y4 8.65 2.63 54.10 66.0 145 14.3 0.94
16 0.47 I 0.10 2.10 2.10 5.46 3.12 54.10 37.8 145 1 1.4 0.86
17 0.47 0.07 2.65 2.65 4.80 :U~5 :17.85 :\7.8 145 10.5 0.70

1

18 0.47
1
0.06 ' " 2.32 4.80 0.02 3n~5 57.0 I"" 10.0 0.70_ ..J~ J.J

19 0.47 0.06 2.80 5.00 4.96 0.00 43.00 79.0 126 8.0 0.70
I 20 0.44 0.06 1. 13 4.20 . 4.88 0.20 43.00 126. 114 8.5 0.51

121 0.44 O.OC) . 0.69 4.20 3.72 1.00 30.00 113 118 6.50 0.44

,22 0.44 ,0.06 . 0.31 4.50 4.88 0.75 39.00 77.5 I"" 6.00 0.35J.J

r 0.44 ' 0.05 0.20 4.50 4.80 0.20 19.40 59.9 I"" 5.00 0.34_.J

10.05

JJ

24 0.44 0.15 4.80 5.00 5.47 19.40 48.9 133 5.00 0.34
I

?- 0.38 10.02 0.31 5.00 4.50 0.61 39.30 95.0 I"" 4.8 0.34-) .J.J

26 I 0.31 10.02
I

0.12 5.00 4.50 1.35 37.83 95.0 139 4.30 0.61
10.02

•
27 0.28 0.31 7.00 5.35 0.41 33.00 75.8 125 3.72 0.61

I '8 ! 0.28 : 0.02
I

0.31 5.35 8.50 0.31 135.0 72.0 III 3.72 0.61I- I

I 2C) i 0.2() : 002 I I 0.64 4.95 8.50 o. I7 145.0 72.0 107 2.90 0.53 I
!

1.3U i (J.53 I

526.8_~75:J

12l)() 57() l)5
125.0 I 3l).3

u. ll-l -U; \J S25 \).1.2
IO.2U

..' .
O.2Ll I jl 4.80

SUt\"l 1..+.56 3.1S I 0.64 41.58 101.7

LL_ _I .:..._

ANNUAL DlSCHA.RGE

31

180.7 47.22 1957 20n 3757

_L

l'd.\.\..

i\ ll:\N
MIN

I-I~.()() h

0.00 TIME 02 07 1992

i JAN I FEB I MAR I APR I MAY JUN JUL AUG SEP I OCT NOV DEC

1 .. 0.00 I 0.003 I- 10.004 I 0.009 0.016 0.169 __JL..!8Q~9·325 0.046 0.002
-



WATER-DISCHARGE
IN l\1J/S STATION:

RIVr:R'

1993
AGO ADULO.JU
0(181-:SI-'

IDA 1'1::: DEe
I I

12

1

3
4
5
6
7

I 8 .

9

10
II
12
13

I \-l
I I-
I :)

I \6
17
IS
19
20
21
')''')

[23

I 2-l

r
I ~~

27
28
29

i ':;0

i 31'
I ?\1A:\

i ~l[A~
MIN
SUM

1 JAN I FI:::B 'j i'vIAR AIJR I'vIAY

I 1.25 ! 0.26 i 0.24 0.28!1 1.05
I 1.22 I 0.26 0.24 0.28 1.11

1.18 0.31' 0,31 0.28 1.22
r.u 0.31 0.32 0.44 1.25
1.05 0.31 0.32 1.05 0.08
1.00 0.:28 0.38 1,05 0.77
].00 0.26 0.38 0.80 0.61

1

0.9"+ 0.2"+'10.41 0.61 0.60
0.94 0.22 0.47 0.75 0.80

,0.90 0.22 I 0.47 0.75 1.05
I 0.90 0.20 I 0.53 0.75 1.00
I 0.95 0.20 I 0.53 0,90 1.00

02() 0.20 0.53 1.00 0.61
107:' ! O.~\ . n.57 0,,)\ 0.61
: 0.76 i 0.05 .1 0.57 0.31 0.62
10.70 IO.S7 10.61 10.3\ 11.52
I 0.69 I U.02 I 0.61 0,31 1.18

0.61 O.J.) 0.61 0.4..+ 0.18
0.57 1.05 0.64 0.47· 0.18.
0.51 0.90 0.64 0.87 0.22
O"+-l 1.05 1.00 1.05 0.25
0.44 0.69· 1.00 1.30 0.30

I 0..+I i 0.68 0.35 1.52 1.52
I 0.32 II 0.70 . 0.31 0.61 l.05

I O.~1 0.75 0.31 10.80 0.51
0.' I 090 0.28 0.90 0.53
0.31 1.00 0.28 1.05 0.53
0.31 0.80 0.28 2.10 0.57

. 0.28 1 ,0.:8 3.85 0.61
i 0.28 I i 0.28 I 2.65 0.61
'0.26! .~ 0.28 i 0.57

\ .25 1.()5 I IO(} 3.95 \ .52
: 0.67 I 0..t9 1 0.45 0.92 0.88

0.26 0.02 0.24 0.28 0.53
20.97 \3.88 14.0 27.7' 27.37

ANNUAL D\SCHARGE

I HL - as I lvl'/S

2.30
1.05
I.GO
1.65
2.65
2.30
2.10
2.00

I

l.90
1.80

\ .70
1.70

JUN
1.65
1.05
2.10
4.30
2.65
3.12
3.24
3.36
3.60
3.72
4.00
4.20
4.80
265
2.96

AUG SLP

3.72 31.0
5.00
5.00
5.00
17.00
10.00
11.40

14.30
21.00
.31.00

43.00
5.00
8.75
10.00
14.30
21.00
21.UO
21.00
43.00
5.00
8.75
10.00
11.40
15.70
23.00
18.00
21.00

43.00
43.00
-l3.00

! -l30()
43.()0
20 ...F)

3.72
635.3

33.0
25.5
27.5
27.0
25.8
23.0
23.7
21.0
19.0
20.0
25.5
15.5
15.7
15.9
16.5
12.3
12.8
13.8
8.75
10.0
10.6
6.50
6.20
5.90
5.68
11.4
31.0

33.0
,,9. "

OCT NOV

26.60
19.00
4.95
4.95
14.30
14.30
12.60
10.34
16.00
2 1.00

23.00 I'

15.5U
14.30
14.30
13.8U
17.0U
10.UU
31.00
28.00
38.70
6.50
31.00

25.50f1--~""23.00 / " ..• :-
17.001'" ''-,

17.0~1 .
16.0:~ 1
14.3 t

, I I .40 I '/'). ./

I 1.40 i "'(l!~'/1
I 0.00 I ' 1

39.3
IS.l)

5.68
567.8

l.......-_L--_~L-_--...l.-----L_-L..----L-=~--L-~l--1---.---'-1 ---'.,---1

·MAX D
lvlE!\N
I'vIIN

I IC)C)3 1

JUL

0.51
0.5 I
0.51
1.30

2.65
2.10
l.05
1.30
1.65
1.52
1.60
1.60

1.65
1.65
I.U8
I ,9()

2.10 3.48
I.G5
1.80
1.90
2.10
2.00
2.32
2.37
2.40

1.05
1.05
1.00

1.00
I .on

I 1.00
38.7
\ 6.71
4.95
5 I 8.24

2'():)

l.6l)

0.51
50.6

2 ...n
1.00
76.64

I L[ __ -'

DATE DATE
[ 1 ~[------,1

YF.!\RI.Y TOTAl. YEARLY TOTAL
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WA TERLEVEL HYDROGRAPH (1993)
OG3ESE RIVE. R AT AGO-ADULOJU
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